CIRCUIT FOR GENERATING HIGH VOLTAGE PULSE 



Background of the Invenrion 

Field of the Inve ntion 

[0001] The present invention relates to a circuit for generating a high voltage 
pulse having an extremely high vullagc and a Imgc i^antiii with tlie aid of 
semiconductor switches. 
Related Art Statemenrs 

[OO02] In Older to generate plasnicu an abruptly raising hijgh voltajs;c pulse of 
several kV to several tens k V having a very short duration (sometimes 50 nano 
sftcondi; is required) has to be applied Lo a IoaU» i.e. a disclmi^c gap piovided in a 
plasma gcncradn^ reactor. 

[0003] Fig. 1 1ft n circnir dta^rann shewing a principal structure of a known high 
voltage generating circuit. A DC supply source 1 having a high output voltage v/tnch 
is equal to a voltage of an output high voltage pulse is connected across a pulse energy 
supplying capacitor 3 via a charging resistor 2. The capnciTor 3 is connected across a 
Joad (discharging site) 5 via a switch 4. AfreT chnrging ihe: napaciinr 3, when The 
switch 5 is made conductive, energy is transferred from the capacitor 3 to the load 5. 
[0004] An inductance ejtisting m a path of a cunrent flowing from the capacitor 3 
lo the load 5 through die condut;li33g switch 4 is denoted by an inductance 6 in Fig. 1 . 
The load 5 is formed by the discharge gap and is generally consisting of a capaciUve 
ftlfimftnt. In Fig. 1 , for the sake of explanation, this capaciti ve element of the load 5 is 
denoted by a capacitor 7 connected in parallel with the discharge gap 5. When the 
switch 4 is made conductive, a current flows ro rhft rnpacirnr 7 anrt the capacitor is 
chaiged. The laigcr and steeper this cnmeni is, the steeper the output pulse gcjjcraicd 
across the capacitor 7 becomes. In this manner, a preferable pulse for the plasma dis- 
nhargct can he arrained. However, in prauLicc, Qic switch 4 lias a finite switchhig time 
and could not be made conductive instantaneously, and the relatively large inductance 
6 IS always esustent m the circuit Therefore, a raising edge of The oitipnt pulRf^ cnnld 
not be Sleep and an uuiput pulse having a shon duration could not be generated. 
[0005] In order to solve the above explained problem of the known pulse 
generating circuit, there has been proposed ? magneric compression circuit utilizing a 
saturable iron core. Fi^, 2 illustrates such a magnetic compression drcnit. In Fig. 2, 
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dcjucnls bijiiilai io tliose sbown Hg. 1 ai-c denoted by same reference numerals used in 
Fi^. 1 and their detailed explanation is dispensed with. A series circuit of saturable 
iron or magnetic cores 8-1, 8-2 and 8-3 is connected iicross rhft swiTf^h 4 ;ind the load 5, 
capaciton 3-1,3-2 and 3-3 arc connecied between texTninals of tliese saturable iron 
cores and a negative temiina] of the DC supply source 1, and a saturable iron core S is 
connected across rhe load 5„ 

[000^ An inductance of tlic saturable iron core is very high until the core is 
saturated, and when a product of a voltage and time reaches a predetemiined value, the 
infinc!r5»nce of the sanirahle iron cere decreases fcibruplly. Fui (he sake of explajiation, 
it is assumed that inductance values of the saturable iron cores 8 1, 8 2, 8 3 and 8 are 
decreased in this order and Use capacitors 3-1, 3-2 <ind 3-3 b^ivft a (same capacimnce 
value. After tlic switch 4 has been made conductive and the saturable iron core S-1 
has been saturated at an instance To, voltage pulses vl , v2 and v3 appe^iring ?ir.rn^<t, ihe 
capacitors 3-2, 3-3 and 7 are successively compressed on a time axis as depicted in 
Fig. 3. That is to say, the voltage pulse vl appeanng across the capacitor 3-2 begins 
TO increase from the instance To and bcuu;iie$ inaximum after a time duration T]. 
Since the circuit is designed such that the saturable iron core i5-2 as saturated at such a 
lime instance, tlie voltage pulse v2 appearing acruKt; ihc ecipacitoi 3-3 begins to raise 
and becomes maximum after a time period T2. At this time, the saturable iron core 8- 
3 is saturated and the voIrggR pnlse v.'=^ begins to raise. After a time period T3 whidi ib" 
shorter than the time period T-^, the voltaic pulse v3 reaches 0 maximum value. 
In this manner, the voltage pulse v3 having a sharp raising edgp. jir well as a relatively 
short pulse width can be applied across the load 5. 

[0007] As illustrated in Fig. 2, the known high voltage pulse generating circuit 
including the saturable reactors has a compliualcd cunsU ui:iion . Since a high voltage 
is applied to all the elements in the circuit, it is required to use special parts, and it is 
also required to provide a longer insuJacion distance. Moreover, the DC supply 
source ] lias lo ^enejiate a high voltage. In this manner, the known circuit is liable to 
be large in size and expensive in cost. 

[OOOS] In the 3cnown high vnlTage pulse generating circuit, ihe switch 4 is 
generally foimcd by a tliyratron which is a kind of vacuum tubes. Since the thyratron 
has a very high switching speed and can be used under a high voltage, the switch 4 can 
be formed by a single thyratron, and therefore an inductance of the switch 4 is small. 
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However, tlic thyiatron has (be following dcn^crits: 

(1 ) The thyratron could not operate at a high repeiition frequency. 

(2) The tbyjarroTi caiM not he self-turned off, and thus a limitation is imposed upon 
desig])ing the circuit. 

(3) The thyratron has a short lifetime and maintenance is cumbersome and expensive. 
(4.) The rhyrarron requires a heater circuit as well ysj a gas contioL aad tlicrcfore a 

whole circuit is liable to be complicaced. 
(5) The thyratron has malfunction due to jitter and 7niR5;-igniTion. 
[0009] Rcc;ciitly iJCJJiicouductor switches have been developed in accordance with 
the progress of power electronics, and tl>ere have been designed semiconductor 
switcJies whif^Vi nan rum-on and mm-off a large currcnl u;iUe; a higli voltage. 
However, a semiconductor switch has a lower withstand voltage and could not be 
substituted for the thymtron A Rwii ch is composed of a series circuit of a number of 
semiconductor switches and a necessary circuit voltage is sheared by these 
semiconductor switches. In order to Tum-on simultaneously the semiconductor 
Kwitchcb* i;oniiected hi scries, it is necessary to provide special gate driving circuits. 
Furthermore, a high voJtage is applied between the gate driving cirriniA, and Therefore 
galij power sources and gale contiol signals have to be isolated from each other. 
In general, remarkable advantage could not be attained by only replacing the thyr^irron 
hy a .^iftries circuit of semiconclucior swiichcb. 

[DOIO] As explained above, in the known high voltage puke generating circuit, ^ 
high DC voltage sourrp. is required and all the circuit components are subjected to a 
high voltage. Moreover, a pulse havinj? a short width could not be produced due to a 
limitation in switchmg speed and a circuit inductanc^i, and Thftrf^forft rhe magneiic 
compression circuit has ty be used. Tlicn, the circuit becomes lar^c and expensive. 

Summery of the Invention 
[00113 The preseni invention has for its objccL lo pruvidc a sijuple and low cost 
liigh voltage generating circuit which can generate directly a narrow high voltage 
pulse raising sharply without using the magnetic compression cirr.nirhy effectively 
urilizing the circuit inducUiiicc, 

100121 It is another ob]cct of the invention to provide a high voltage generating 
circuit which can generate a narrow and ste^-p high voltage hy means of semi- 
nondnctor switchas having turn-off faculty and operating AVith a relatively low DC 
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voltage source. 

[0013] According to the invention, a high voltage puise generating circujl 
comprises: 

a DC voltage source having first and second output terminals; 
a first switch having one end connected to said first output lemainal of said DC 
voltage source; 

a branch circtiit including a free-wheel diode connected across the other end oi 
said first switch and said second ouipiit terminal of ihft T)C. vnltfige sniirce; and 

a Aciies circuii including an inductance and a second switch and connected in 
parallel with said branch circuit; 

wherein after making said first and scc;ynd swiicli ou to store inductive energy 
in said inductance, the energy stored in the inductance is commuted to a load 
ncnnecred across said second switch by tuming-off said first and second switches, 
[0014] In the high voltage generating circuit according to the invention, said 
first and second switches may be formed by fii'st and second seniiconductor bwiluhcss. 
In such a case, alow DC voltage is applied to the inductance through the first and 
second seiruconductor switches lo store ind\icT5ve. p.nergy in ihp, indiicTance, and then 
tiis first and second semiconductor switches arc tumcd-ofT to conunutalc the 
inductive energy to a load capacitance of a low inductance circuit. By charging rhe 
load capawlancc abruplly. it is possible to generate a high voltaic pulse having a 
narrow width. 

tOOlSj tn a preferable embodiment of tihe hi^h voltage pulse generating circuit 
accordiDj? to the invention, said first seijiiconductor switch is constituted by a 
semiconductor switching element having a low wirh.';Tanri vnltage and said second 
semjcoaduciai* switch is constructed by a series circuit of a plurality of semi- . 
conductor switching elements having a high withstand voltage, the number of snid 
plurality of semicnnducior switching clctijcjjts being determined in accordance with 
an amplitude of an output voltage pulse to be generated. There are further provided 
a plurality of uron cores, the number of which is etqual to rhar of said plurality of 
scjniconduclor Kwitchiiig elements. A primary winding passing tlirough said 
plurality of iron coi^s is connected in series with said free-wheel diode, and a 
plurality of secondary windings each passing ihrough respective iron cores are 
connected to gares and cathode terminals of respective semiconductor switching 
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elements of said scries circuit of semiconductor switching dements. In this case, it 
is particularly preferable that each of the seniiconductor switching elements of said 
series circuit is formed by ^ siniir- indnorinn thyristor However, according to the 
invention, the semiconductor switching elements may be formed another 
semiconductor switching element such as insulated gate bipolar tiansistor (IGBT) 
whieh has a mrn-nff faailiy. 

[001^ In a preferable embodiment of the high voltage pulse generating circuit 
accordmg to the invention, after discharging the energy lo the ]oad by turning-off rhft 
second switch, the second JswiLch h tuiiicd-uji again foi a veiy shon time period. 
Furthermore, said first and second switches niay be mmed- off simultaneously or at 
different timings. 

Brief Description of the drawings 

Fig. 1 is a circuit di?igr;iTn showing a principal structure of a known high 
voltage pulse generating circuit; 

hig. 2 is a circuit diagram illustrating a known high voltage pulse 
gcneiatiiig ciicuiL iuciuding a magnetic compression circuit; 

Fig. 3 is a signal wavelbrm explammg the known high voltage pulse, 
geneniung circuit shown in Fig. 2; 

Fig. 4 is a circuit diagram depicting a tlrst embodiment of the high 
volrage pulse generating circuit according to (he principal cunccpiiou of IhciiivcnLioii: 

Figs. 5A-5H ore signal waveforms representing the operation of the high 
voltage pulse gpinerating cirfiuit tlluj^trated in Fig. 4; 

Fjg. 6 is a circuit dia°;]'am showing a second embodiment of the high 
voltage puJfie generatmg circuit according to the invention; 

Fig. 7 is a circuit diagjiiuji illa&iiating a lliird embodiment of the high 
voltage pulse generating circuit according to the invention; 

Fig. S is Pi circniT diagram depicting a fourth embodimcni of tlic high 
voltage pulse generating circuit according to tlic invention; and 

Fig. 9 is a circust diagram showing a fifth embodiment of the high 
voltage pulse generaling circuit according lo the invention. 

Description of the Preferred EmbodimentR 
[0017] Fig, ^ is a circuit diagram showing a first embodiment of the high 
voltage pulse generating circuit according to the principal conception of the present 
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invention. Thci'z is aixangcd a low DC vojtagc source 11 whose output voltage can 
be determined in regardless to an amplitude of an ouipui high voltage pulse to be 
genei'ated. A positive output temiina] of the DC voltage soorre. 1 1 i.s finnnftf^Tftd to 
its negative oiirpnt terminal by ineans of a series circuit of a first switch 12 having 
nim-on and turn-off faculty and a lower withstand voltage, an inductance 16 for 
.'?Toring a indurji Vft energy, and a second switch 1 4- having ram-on and Lum-off 
faculty and a higher withstand voltage. The first switch J 1 having the turn-on and 
turn-off faculty serves to perform the supply and stop of the inductive energy to the 
induLiLance; 16 and can be funucd by a swiichin^ elenient having a lower widistand 
voltage. The second switch 14 also having the turn on and turn-off faculty operates 
to perform the supp.1y nnd Tf^lfta.<5p, nf rhft indncii ve energy nf the inductance 1 6 and 
the output high voltaic is applied to the second switch. Thei-efore, the second 
switch 14 should have a higher with.sT;ind voltflge lhan thai nf the first switch 12. 
rOOlSI A branch circuit including a free-wheel diode 1 3 is connected across a 
common connection point between said first switch 12 and said inductance 16 and 
the negative output tcmiinal of the DC voltage source 1 1 . Since die high output 
voltage is not applied to the Iree-wheeJ diode 1 j5, this diode may be of a lower 
wiihsiand voliagc. In ptuaJlc] with Uie second switch 14. is connected a load 1 5, 
which may be a discharge gap provided in a plasma generating reactor A capacitor 
1 7 rapreseniing the capacitive load 1 5 is shown in Fig. 4. 

[0019] Now the operation of the high voltage pube generating circuit according 
to the invention will be explained with reference to Fig, 5. Fig. 5A repre!5ents an 
on-off condition of the first switch 12, Fig. 5B an on-off condition of the second 
switch 14, J/ig. i)C a cunrent igw] flowing through the first switch 12, Fig. 5D a 
current iL passing lluuugli ihc inductance 1(3, Fig. 5E a currcjit isw2 flowing tlirough 
tlie second switch 14, Kg. 5F a current id flowing through the free-wheel diode ] "A, 
Fig. 5G a resonance coirftni ic pa.^ising through the capacitor 17, and Rg. 5H shows a 
voltage appearing across ihe capacitor 17, ix. the output high voltage pulse Vc. 
[0020] Now it is assumed that the first and second switches 12 and M are 
tumed-on at a timing to. IL should be iiulcd that accoidijig to die invention, the 
second switch 14 may be tumed-on prior to the first switch 12. Then, a low voltage 
E of the DC voltage source 1 1 is applied lo the inductive energy storing indocianne 
1 fi (having an inductance value L) and the current ii passing ihraugh the inductance 
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16 iTicicascs linearly with an inclination of E/L (Fig. SC). That is to say, the 
inductive energy is stored in the inductance 16. In a Hrst mode J shown in Rg. 5H, 
this current 11 is equal to tlie current isw3 passing through the first switch 1 2 and the 
cutrcnt isw2 passing through the second switch 1 4. 

[0021] When tlie current passing through the inductive energy storing inductance 
16 reaches a given cuncjjt I^j ci( an jji5lance ti, the fiist £uid second switches 12 and 
1 4 are tumed-off (Figs. SA and SB). In this case, the first and second switches may 
be rumed-off at different Timings, bin for ihe (in'ke nf explanaTinn, the first and second 
switches arc tumed-off simultaneously. In a second mode 11 which is initiated at 
tlie tum-o^l' of tJie firgi and second switches 12 and 14, the cuixent flowing through 
die inductive energy storing inductance 16 is cuminutulcU to Lhc bianch ciicuit 
including tlie free- wheel diode 13 as well as to the load 15 (capacitor 17), That is 
rn f?ay, rhe inductive energy (LIp^/2) stored in Ihe inductance 16 initiates a resonance 
alonj? a loop of inductance 16-^capaciLor ]7">free-whee] diode 13. 
[0022] The resonance current i may be represented by thefollowingequation (I ); 

i-Ip co$cat (1) 
The voltage Vc across the capacitor 17 is denoted by the fnllowing equarion (2): 



Here, 



Vc = -^sin cot = Vp sin cot (2) 



In general, a waveform of the output voltage pulse is determined in accordance with 
the load 15. That 3S to s^iy, a ppak vahiR V> (which corresponds to a discharge sian 
voltage) of the output voltage Vc applied to the load 1 5 and a lime duration Tj fronn 
the lime instance ti to a time instance at which the output voltage reaches its peak (a 
lime interval of the second ujude H) mt given, and fuitliciinorc tlic capacitance C of 
the capacitor 17 is determined by the load 15. Moreover, the output voltage E of 
the DC voltage source II can be determined at will and may hp. fiftt to a 5;uiTahle 
value foj the system under consideration. 

[0023] Therefore, from the above mentioned equations (l)-(3). Land Ip may be 
obtained by the following e^nafions (4) and (5), respectively: 
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(4) 



IT, 



In order to flow the current Ip to the inductive energy storing inductance 16, a time 
period To during whit;h bolh Ibc fii^l and second switches 12 and 14 are made 
conductive is set in the following manner: 



Then, it is possible to obtain the high voltage pulse having a very narrow width By 
coniralling the time duratiun To durijjg which hoxh ilic flist and second switches aic 
jnade conductive, a peak value of the output pu}se can be adjusted fa'eely without 
changing a width Ti of a raising portion. 

[0024] The output voltage Vc reaches its peak value at a time instance t2, and a 
most efficient operation can be attained when the discharge is initialed in Jic Joad 1 5 
at this tixning t^. However, tlic discharge is a very complicoted phenomenon which 
depends upon temperature, humidity and gas nnn/^irinn, and it is quite difRculL to 
explain the discharging operation quantitatively. Therefore, the explanation of the 
discharge is dispensed warh in the present specification. Jn g^nexnl, if n decrease in 
the output voltaic Vc due to tlie dischai^c is not abrupt, undesired influence is 
applied to the discharge in a physical meaning. Therefore, it is iidvantagcous to 
provide n mode IV in which the second switch 1 4 is lumed-on at a time instance I3 to 
decrease the output voltage Veto zero forcedly. 

[0025] As explained above, in the high vnliage pulse generating circuit 
according to the invention, an extremely hi^ voltage pulse can be generated by the 
very simple circuit using the less expensive and small low voltage DC snnteehy 
effectively utilizing the bcniiuojiductoj switches having the lum-off faculty instead of 
the ihyratrcn which does not have a turn off function. Furthermore, it is an 
important merit of the circuit according to thft invftntinn Thar the induetanct; of a 
circuit puiiiuji iiicludiiig tiic second switch 1 4 do noi affect principally the genemtion 
of the output voltage pulse. 

[0026] Fig, 6 is a circuit diagram showing a detailed arrangement of a second 
embodiment of the high voltage pulse generating circuit according to the invention. 



(6) 
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Iji Tig, 6, poitioiis having similar functions as those of Fig. 4 are denoted by same 
reference numerals used in Fag. -1 . To a DC voltage source 2 1 is connected a direci ' 
current smoothing dram r,nn.=;isting of an inductor 22 and a capacitor 23 such that a 
high frequency impedance of die voltage source is snfficiently decreased and a pulse 
current can be supplied smoothly. In the piieseni embodiment, the first switch 1 2 
shown in Fig. 4 js formed by a pnv^er MOSFET 24. As explained before, the first 
switch may have a lower withstand voltage- but it may be constnicted by a parailei 
circuit of a plurality of power MOSPTETs in accordnnrsft with a peak value 1p of lljc 
current passing thruu^h Ujein. The second switch 14 shown in Fig. 4 is formed by a 
scries circuit of a plurality of static induction thyrisrors 25-1 -25-4. The serifts 
arrange-mem of thf^sp. sraric inriucrion thyrisiorb 25-] -25-1- is denoted by 25. 
The number of the static induction tliyristors 25-1-25-^ in the series anrangement is 
determined by the peak" valne; Vy. of the output voltage pulse as well as by withstand 
voltages of these static induction thyristors. hi the present embodiment, lour static 
induction thynstoi-s 25-1-25-4 are provided. 

[0027J As blaied above, when a plurality of the controllable semiconductor 
switching elements, in the present embodimejir the four smrrc induction Lhyrisloi-K 
25-1-25-4 arc cuiinccLed in scries, tbc$c semiconductor switching elemrats require 
respective gate driving circuits independently. Since tl)e Ingh vnlm^e (maximum 
volragft is Vp) is applied bclwccii leipectivc gate driving circuits, a high withstand 
voltage isolation has to be provided between voltage source and control sign?ib for 
these gate driving circuits. This results in an increase in size and cost of the circuit 
as well as in a decrease in reliability. In order to shear the high voltage by the 
semiconductor switching elements equally, h is nftnestiar^" to turn-on and lurn-uff 
these semiconductor switchmg elements abruptly. To thx$ end, gate signals should 
be applied to the semiconductor switching elements simultane.ou$]y in a very precise 
manner. This rp-quires a highly dcvclupcd Iculjuique. 

[0023] In the present embodiment, in order to solve the above nisnboned 
problem, the static induction thyxisiors are not provided with respective gate diivin^ 
circiins. That is to say. in Ihc picsent embodiment, there ai^ arranged a plurality of 
iron cores 26-1 -26-4, the numbei' of which is identical with that of the static 
induction thyristors 24-1-24-4, and a primaiy winding 27 con.«!tructed bytlie branch 
circuit including the free-wheel diode 1 3 is passed through the iron cores 26-1 -26-4. 
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Sccoiidary windings 28-1-28-4 each connected across gates and cathodes of 
respective static induction thyristoiT 24-1-24-4 are passed throi3gh respective iron 
c.oresi 7.6-1 -7.6^4. In this manner, the primary winding 27 of a single turn are 
provided commonly for al] the magnetic cores 24-1-24-4 and the secondary windings 
28-1 -2ii-4 of a single turn are provided for respective magnetic cores 24-1-24-4. 
[0029] Next The operation of the second cnibodimcnl of Ihc lii^li vdLa^e pulso 
generating circuit according to the invention will he explained with reference to 
Fig. b . At a time instance to, the. power MOSFET 24 is mmed-on and a current flows 
frunj Ihc eapadtur 23 of the direct cuncnt smoothing circuit to the parallel circuit of 
a capacitor 29 and resistor 30 via the power MOSFET 24 and magnetic coi-es 
7.6 1 -76-4 The. capaciror 29 operates as a speed-up capaeiiur fur jQuwing a laige 
current immediately after turning-off of the power MOSFET 24 . The resistor 30 
serves to flow an jntfirmiUfinT current. Same currents flow in the secondary windings 
28-1-28-4 coupled with the magnetic cores 26-1-26-4 in such a direction that a 
magnetic fiux induced by the current flowing through the primary winding 27 is 
cancelled out. Tlicsc currents serve as on gate currents for the static induction 
thyristors 25-1-25-4, and these static induction thyristors are made on simnltaneonsly 
Jri this iiiajincr, Ujc powei MOSFET 24 and static induction thyrislors 25 (all the 
static induction thyristors 25-1-25-4} are made conductive, and the current floxvs to 
the inductive energy storing inOuuiancc 16, Afte^ that, the cii'cuit operates in a 
some manner as that of the above explained first embodiment. Here, the cuiTent 
flowing to rhft inductive energy storing inductance 16 docs not raise abruptly, and it 
is not necessary to tum-on the static induction thyristors 25-1-25-4 abrapUy. 
Therefore, it is always necessary to provide the capacitor 30, cind only ihft rft5!i«;Tor 29 
Jiiay be aiicuiged. 

[0030] However, the tum-otf operation of tlie static induction thyristors 25 
ronsTiniting the second semiconductor switch differs fiuiji Ihc: Rii^i ciiubodiment as 
will be explained hcrcinaftcr When the power MOSFET 24 constituting the first 
semiconductor switch is tumed-off at a timing ti at which the currftni p;i<iRing 
through ihcinduclivc cncjgy stoilng ijiductancc 16 becomes the maximum value Ijs 
the current which has flown to the inductive energy storing inductance 16 is 
commutated to the branch circuit including the free-wheftl diode: 1 . This current 
flowing along the primary winding 27 coupled with tlie magnetic cores 26-1-26-4, 
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and cuiTcnrs having the same amplitude as that flowing Through the primaiy winding 
flow through the secondary windings 2%- 1 in such a direction that the magn&tic 
flux induced by the cun^nt flowing thraugh the primary winding is cancelled out. 
These currents consliiute gate turn-off currents for the static induction thyristors 
2!)-l-23-4, and these static induction thyrisrors are Tumed-off simultaneously, 
ll sLuuJd be iiulcd dial Uie static induction thyristors 25-1-25*4 serving as the second 
switch have a relatively high withstand voltage and can tun) -on and -oil" at a high 
speed. Such a st^itic induririon ihyri.sror is the current driven device instead uf djc 
voltage driven device such IGBT, and the larger tlic tum-on gate current and turn 
off gate current is, the taster the tum-on and turn-off operation is performed. 
Therefore, iiuch a sLaLicinductiun Ihyriiflo;. is p^efeiably uiilizcd in an application 
requiring a fast operation such as a pulsed power application. When a turn-off gain 
(a ratio of the anode current to be turned-off to the gate turn-off current) is small, a 
storage time during the turn-off of the semiconductor switch can be shortened and a 
fall rime can be also shonened. Therefore, the static induction ihyiisiur can be 
particularly preferably used jn the case in which anode current is identical with the 
gate turn-off current and the Tum-off gain be-comi?!.*; imiry like: a<; rhe second 
embodiment, 

L0031J In the second embodiment mentioned above, the gate tum-cn current 
and ^alc lujii-uff of tlie static induction thyristors 25-1 -25-4 are identical with each 
other and are large, and thus the static induction thyristors can be simultaneously 
tumed-on and turned-off wid^out time difference at a high speed. In fliis manner, 
the tum-on and -off operation can be perfomied reliably without any gate dnving 
powex source as well as independenT gaie signals. 

[0032] Ll flic first and second embodiments, at a suitable timing ti after die load 
] 5 has initiated the discharging, the second semiconductor switch 14; 25 may be 
tumed-on again lo dischaigc the capadlOi 17 at a high speed. This becomes an 
effective means for such a case that a discharge impedance of the load 1 5 is loo high 
to discharge the capacitor 1 7 at a high speed and The physical phenomenon of ihc 
dischai-gc is affected. The second semiconductor svidtch 1 4;25 may be rurned-on 
again by turning- on the second semiconductor switch for a very short time period as 
illustrated by a broken m Fig. -SB. Then, the output pulse voltage Vc can be 
decreased to zero instantaneously as shown by a broken line in Fig. 5H. 
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[0033] In itift SPir-nnd embodimtint, Lht5 fmi scjiiicunduclur swiiclj is formed by 
tlie power MOSrCT 24 and the second semiconductor switch is constructed by the 
static indi3ction thyristorg 25-] -25-4. It should be noted that these, semicondnr^ior 
switr.hfts may he formed by any other senniconductor switching clement such as 
another type of transistors and IGBT (when it is used as the second semiconductor 
switch, a care should be taken in a point that it is voltage drivftn device and a 
limitation is jjnpustsd upou a gale-eniittei' voltage. Furthcnnoye, in the second 
embodiment, ihc second semiconductor switch is constituted by the series circuii of 
the four static induciicn thyrisrors -7.5-4, hut according to the invcnlituj, tlie 
nujjibci of sialic induction tbyristors is dcicnnincd by a peak value of the output 
pulse voltage. It is a matter of course that the load is not limited to the cfipacirive 
discharge circuii. Muicovei, Uie fii-st svvitch 1 2 and inductive energy storing 
inductance 16 are connected to the positive output terminal of the direct nirrenl' 
voltage source, but according to the invention, the same function can he attained by 
connecting these first switch and inductive energy stonng inductance to the negative 
output terminal as shown in Rg, 7. Altemadvcly, vnc- of die fji-si switch 1 2 and 
inductive energy storing inductance 1 6 may be connected to the negative output 
terminal of Che voltage sonrnft 

[0034] Fig, 8 shows a fourth embodiment of the high voltage pulse generating 
circuit accordmg to the invention, in which ?i first 55Wirch 1 2 Is connected to a 
pusiil ve output tciTninal of tlie DC voltaic source 1 1 and a inductive energy storing 
inductance 16 is connected to a negative output terminal of the T)C. voltage source 1 1 . 
[0035] Fig. 9 depicts a fifdi embodiment of tlie high voltage pulse generating 
circuit according to the invention, in which a first switch 12 is connected to a 
negative output teiTninal of the DC voltage source 1 1 and a indued vc c/iexgy storing 
iiiductaiicc 1 6 is connected to a positive output terminal of the DC voltage source 1 1, 
[00361 In the above explained first to fifth embodiments of the present inveiition, 
f^ach of the first and second switchcti axt formed by a semiconductor switch and it is 
possible to generate a high voltage output pulse having an amplitude of severa] kVs 
to several tens kV and a pulse duration of several ren.s nano seuondii Lu scvcja) 
hundreds nano Mcuuuds, 
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